Background & Aims: Malnutrition is a complication of
Bioavailability of IGF-I depends on its serum levels and rday 01 ) or saline were given for affect nutritional status in cirrhotic patients. 18 In a previ-14 days to rats in whom cirrhosis was induced with ous study, we showed that administration of IGF-I, at in the nutritional disturbance of cirrhosis. [1] [2] [3] [4] [5] [6] Carbohydrates in cirrhotic rats. These kinetic parameters reverted to are the main constituents of human diet and the main normal after IGF-I treatment. Microvilli were signifienergy supply 19 ; to be absorbed, they need to be broken cantly elongated in cirrhotic rats but of normal size in down to monosaccharides. Uptake of glucose and galactose the IGF-I-treated group. The expression of SGLT-1 on by enterocytes is mediated by a sodium-glucose/galactose isoform facilitative glucose transporter 2 of the basolateral membrane. 19, 23 In the present study, we investigated whether intestinal sugar absorption is impaired in experi-M mental cirrhosis and whether IGF-I administration could alnutrition frequently accompanies liver cirrhosis. [1] [2] [3] [4] [5] [6] In advanced disease, this complication influence sugar absorption in this condition. determines poor survival and negatively influences the outcome of liver transplantation. [5] [6] [7] Except for the sub- Insulin-like growth factor I (IGF-I) is an important anabolic hormone with pleiotropic actions; IGF-I has Abbreviations used in this paper: BBMV, brush border membrane also been shown to stimulate gastrointestinal growth and vesicle; IGF-I, insulin-like growth factor I; K t , affinity constant; SDS, sodium dodecyl sulfate; SGLT-1, sodium-glucose/galactose-ligand function. 8, 9 The digestive tract is one of the systems where IGF-I receptors are densely expressed. [10] [11] [12] [13] Almaximal velocity.
Materials and Methods
though IGF-I is produced in many organs, the liver is rday 01 ) BBMVs were prepared using an Mg 2/ -precipitation (group CI / IGF) for 2 weeks. Two other groups were used method with some modifications. 29 The procedure was peras healthy controls; one of them (CO group) received saline, formed at 0-4ЊC. The everted jejunum was placed in 2 mmol/ and the other was treated with IGF-I (CO / IGF) at the same L Tris-HCl (pH 7.4) containing 100 mmol/L mannitol and doses as CI / IGF over the 2 weeks. stirred for 3 minutes (Vibro-mixer, E-1; Sorvall, Dupont, WilOn day 0 of the experimental period, blood (6 mL) from mington, DE), and the scraped jejunal mucosa was removed. retroocular plexus was collected from 10 controls (CO) and 20
The mucosal suspension, mixed with 10 mmol/L MgCl 2 (final cirrhotic rats. At the end of the experimental period (day 15), concentration), was centrifuged three times at 10,000g (for animals were killed, blood samples were taken, and jejunum, 15 minutes, obtaining supernatant), 26,000g (for 30 minutes, liver, and spleen were dissected and weighed. Liver samples taking the pellet), and 26,000g (for 30 minutes). This final were taken for histological examination, and samples of jejupellet was resuspended in the desired volume of 300 mmol/L num were collected for functional and histological studies. mannitol, 0.1 mmol/L MgSO 4 , and 10 mmol/L Tris-HEPES In 32 rats (8 from each group), intestinal absorption of D- buffer (pH 7.4; load solution) to give a final protein concentragalactose was assessed by using everted jejunal rings. In addition of 8-10 mg/mL. Isolated membranes were circled by tion, kinetic analysis of the sugar transport was performed in using a 27-gauge needle. The specific activity of the brush 36 rats (12 of each group CO, CI, and CI / IGF) using border marker enzyme sucrase (EC 3.2.1.48) was determined purified brush border membrane vesicles (BBMVs).
in BBMV suspension, 30 and its enrichment was found to be 10.5 { 1-fold greater than that of the initial mucosal suspen-
Biochemical Determinations
sion. The protein content of the BBMVs was determined acSerum levels of albumin, total proteins, glucose, chocording to the method of Bradford. 31 Vesicles were stored in lesterol, bilirubin, alkaline phosphatase, and aspartate and alaliquid nitrogen. nine transaminases (AST and ALT) were determined by routine
The study of the kinetics of D-galactose uptake by BBMVs laboratory methods using a Hitachi 747 autoanalyzer (Boehwas performed at 37ЊC by following a rapid filtration techringer-Mannheim, Germany). Insulin was measured by radionique 32 with some modifications. Five microliters of BBMV immunoassay using a commercial kit (Insik-5; Sorin Biomedsuspension was added to 45 mL of a medium containing 0.5 ica, Saluggia, Italy). mmol/L galactose, 2 mCi/mL . The suspenjejunal rings was determined as described by Crane and Mansion was inmediately poured onto a prewetted Millipore filter delstan. 27 Briefly, the procedure involved the following steps. that was washed three times with 3 mL of ice-cold stop soluAfter animals were killed, a portion (20 cm) of the jejunum tion, dissolved in 5 mL of scintillator Hisafe 3 (LKB Products, was quickly excised and rinsed with an ice-cold saline solution Broma, Sweden) and counted in a Counter Wallac 1409 (Pharcontaining 140 mmol/L NaCl, 10 mmol/L KHCO 3 , 0.4 mmol/ macia). Unspecific binding to the filter was previously mea-L KH 2 
Jejunal Rings
Finally, the filters were washed with water and dried. Photo-
The study of D-galactose absorption by everted CI / IGF, 0.75 { 0.01 mL intracellular water/g wet tissue; P Å NS). Because IGF-I treatment at these doses 0.001). In contrast, BBMVs from CI / IGF rats showed values of D-galactose uptake similar to those in CO and did not influence galactose absorption in healthy animals, other studies to analyze sugar transport were performed significantly higher than in CI (P õ 0.001; Figure 1 ).
To analyze the kinetics of D-galactose uptake by only in the CO, CI, and CI / IGF groups.
BBMVs, vesicles were incubated in the presence of in-D-Galactose Uptake by BBMVs creasing concentrations of substrate, from 0.05 to 10 Figure 1 shows the uptake of galactose by BBMVs mmol/L, for 3 seconds. Data are shown in Figure 2 , in in the presence or absence of a sodium gradient. In the which each point represents the mean of three determinaabsence of a sodium gradient, the incorporation of sugar tions for a given concentration of the substrate, using a to BBMVs was negligible, but in the presence of a sopool of BBMVs from the different experimental groups dium gradient, sugar uptake was very rapid, reaching (n Å 12 for each group). The kinetic constants (K t and 1770 { 51, 1668 { 39, and 756 { 28 pmol/mg protein V max ) of D-galactose uptake by BBMVs showed signifiat 3 seconds in CO, CI / IGF, and CI rats, respectively. cant alterations in CI rats compared with CO animals (K t Maximal incorporation of galactose to BBMVs was at 5 Å 0.98 { 0.02 mmol/L; V max Å 2447 { 40.2 pmolrmg seconds. At that point, galactose uptake in controls was protein 01 r3 s 01 in CI rats; K t Å 0.66 { 0.01 and V max 18-fold higher than at minute 10 (when an equilibrium Å 3746 { 26.3 in CO rats; P õ 0.05 and P õ 0.001, was reached between galactose concentrations inside and respectively). Interestingly, kinetic constants in CI / outside vesicles). In the presence of a sodium gradient, IGF rats (K t Å 0.73 { 0.01 and V max Å 3664 { 33.6) galactose uptake by BBMVs at 5 seconds was signifiwere not different from those found in CO animals (P cantly reduced in CI animals compared with CO (P õ Å NS) and were significantly improved compared with CI rats (P õ 0.05, K t ; P õ 0.001, V max ). Thus, our results show diminished V max and reduced transporter affinity for the substrate in BBMVs from CI animals and a return to normal of these constants in CI / IGF rats. { 28 pmol/mg in CO (q), CI / IGF (᭝), and CI (᭺) animals, respecuptake obtained from three different experiments for a given substrate concentration using a pool of BBMVs from 12 animals from each tively. *P õ 0.05, ** P õ 0.01, ***P õ 0.001, CI vs. CO and CI / IGF groups.
group (means; SE was õ10%).
SGLT-1 Expression at the Brush Border of color intensity) compared with CO (160 { 2; P õ 0.01) (Figure 3) . In CI / IGF rats, the intensity of To analyze possible changes in the expression of SGLT-1 staining was intermediate between CO and CI the transporter protein SGTL-1 located at the brush boranimals (180 { 5 arbitrary units of color intensity; P õ der membrane, we performed immunohistochemical 0.05, labeled CO; P õ 0.01, labeled CI group). studies in sections of jejunum. Unexpectedly, we found
To determine the amount of SGLT-1 protein anchored increased immunostaining of SGLT-1 at the brush border at the membrane of microvilli, we performed Western of jejunal enterocytes in CI rats (209 { 2 arbitrary units blot analysis in BBMVs using the same anti-SGLT-1 polyclonal antibody that was used in the immunohistochemical studies. As shown in Figure 4 , the amounts of SGLT-1 protein present in BBMVs were similar between the three groups of animals.
Morphological Changes in Jejunum
Electron-microscopic studies of the jejunal mucosa ( Figure 5 ) showed that the length of microvilli was significantly greater in CI rats than in CO rats (2.87 { 0.33 vs. 1.74 { 0.08 mm; P õ 0.001), whereas in CI / IGF animals the length of microvilli (1.92 { 0.33 mm) was not different from that in controls. Cytoskeletal filaments at the base of microvilli form a more dense framework in CI / IGF and in control animals than in CI rats. A slight, although significant, elongation of villi was also apparent by optic microscopy in CI rats compared with CO rats (1.037 { 0.012 vs. 0.847 { 0.01 mm; P õ 0.001). Villi were of normal length in CI / IGF animals (0.836 { 0.009 mm; P õ 0.001 vs. CI group).
Discussion
It has been suggested that, among other factors, altered digestion and absorption of nutrients might play a role in the malnutrition that occurs in liver cirrhosis. 5, 7 However, malabsorption of a particular nutrient as a result of the failure of a specific intestinal transport system has not been described in cirrhotic patients. The present report shows that sugar absorption is impaired in nonadvanced experimentally induced cirrhosis. This functional defect is accompanied by structural changes in the intestinal mucosa, the most striking of which is the elongation of microvilli. Although a diversity of factors, including portal hypertension and altered liver function, might participate in the genesis of these changes, our results indicate that they may be reversed by IGF-I treatment.
IGF-I has been shown to stimulate DNA and protein synthesis in intestinal epithelial cell lines, 12 and accumulating evidence indicates that this hormone exerts important trophic activities on the intestine, 8, 11, 34 acting as autocrine and paracrine mediators of gastrointestinal metabolism and growth.
10,12,35,36 IGF-I bioavailability, which depends on the levels of both IGF-I and its IGFbinding proteins, has been reported to be reduced in liver cirrhosis.
14,15 In the present work, administration of low doses of IGF-I to cirrhotic rats enhanced galactose absorption and reverted the structural changes observed in the intestinal mucosa of cirrhotic rats. As previously noted, 18 these low doses do not significantly increase circulating levels of IGF-I in rats with early cirrhosis but induce significant changes in the pattern of IGF binding proteins that are critical modulators of the biological actions of IGF-I.
17
In cirrhotic rats, we have shown impaired sugar transport and correction of the defect by IGF-I using both everted jejunal rings and BBMVs. The latter technique revealed decreased V max and reduced affinity for the ligand in CI animals. Notably, IGF-I treatment was able to restore these kinetic parameters to normal values. The observation that, despite differences in galactose transport, the amounts of SGLT-1 per milligram of protein in BBMVs were similar in CO, CI, and CI / IGF rats was of interest (Figure 4 ). On the other hand, hyperexpression of SGLT-1 was found at the brush border of enterocytes in histological sections from CI rats ( Figure  3 ). Although this finding seems paradoxical, comparison of the electron micrographs of the enterocyte brush border ( Figure 5) that the effect of IGF-I on microvillus shape and absorp- CI rats (arrows in Figure 5 ). 
